Questions: Do symptomatic female office workers perform computing tasks with higher cervical postural muscle loads (in terms of higher amplitudes and less muscular rest) and more discomfort compared with asymptomatic individuals? Are these differences in postural muscle loads consistent across bilateral (typing) and unilateral (mousing) conditions? Design: an experimental case-control study. Participants: 18 symptomatic female office workers and 21 asymptomatic female office workers. Intervention: Three conditions (typing, mousing, and type-and-mouse) were performed in random order. Outcome measures: Muscle load was measured as median amplitude and gap frequency using surface EMG of bilateral cervical erector spinae and upper trapezius. Discomfort was measured using a numerical rating scale. Results: The case group demonstrated 4.3% (95% CI 0.1 to 8.4) higher amplitude during typing and 3.5% (95% CI 0.1 to 6.9) higher amplitude during type-and-mouse in the right cervical erector spinae compared with the control group. There was a similar difference between groups in the left cervical erector spinae which also demonstrated a 1.2 gaps/min (95% CI -2.3 to 0.0) lower frequency during typing. The case group had significantly higher discomfort during all conditions compared with the control group. The case group demonstrated higher median amplitudes and lower gap frequencies than the control group during bilateral conditions (typing and type-and-mouse) compared with unilateral conditions (mousing) for both muscle groups. Conclusion: There was increased amplitude and decreased muscular rest in the cervical erector spinae of office workers performing typing and mousing tasks. These findings may represent a mechanism underlying computer-related musculoskeletal disorders. 
Introduction
Work-related musculoskeletal disorders are common among computer users, especially affecting the neck and shoulder region (Tittiranonda et al 1999 , Gerr et al 2004 . Typing and mousing are common office tasks, involving both fine motor control and associated postural activity of the muscles of the cervical spine. Physiotherapists treat patients with computer-related musculoskeletal disorders, and therefore an understanding of the mechanisms underlying impairments is important to guide management. Consistent differences in patterns of muscle activation between symptomatic and asymptomatic people have been found during standardised typing tasks, suggesting differences in motor control may be an underlying mechanism (Szeto et al 2005a to d) .
Studies on patients with chronic neck pain have reported increased muscle activation compared to asymptomatic controls during tasks (Madeleine et al 1999 , Nederhand et al 2003 , Falla et al 2004 . However, field studies on computer workers have produced contradictory results with either small or no difference between symptomatic and asymptomatic computer workers in muscle activity amplitudes or muscular rest (Hägg and Åström 1997 , Roe et al 2001 , Westgaard et al 2001 , Blangsted et al 2003 . The lack of control over tasks and environment in these field studies may contribute to the different findings. Only two case-control laboratory studies have examined differences in muscle activity during typing, mousing and type and mouse tasks. Sjøgaard and colleagues showed a trend for more upper trapezius muscle activity in symptomatic workers (Sjøgaard et al 2006 , Thorn et al 2007 . The authors acknowledged that the lack of significant differences may have been due to the brief task duration (2-5 min) and poor EMG quality. A pilot study by Kallenberg et al (2006) suggested several parameters of muscle activity may be different between symptomatic workers and controls.
The classic method of examining surface EMG amplitudes in occupational studies has been through the computation of the amplitude probability distribution function (Jonsson 1982) . The 50 th percentile values of the amplitude probability distribution function has been used widely as an indicator of the average muscle activity (commonly referred to as 'median amplitude') in studies of real or simulated occupational tasks , Westgaard et al 2001 , Blangsted et al 2003 . For example, median amplitudes of about 1-10% of maximum voluntary contraction of the upper trapezius have been reported during keyboarding and mousing tasks (Blangsted et al 2003, Dennerlein and Johnson 2006) in healthy adults.
During computing tasks symptomatic female office workers demonstrate a trend towards higher cervical postural muscle load than asymptomatic office workers: an experimental study EMG 'gaps' have also been reported in recent studies as a potential risk factor for musculoskeletal disorders. These 'gaps' are defined as periods of 'rest' with very low muscle activity, ranging from 0.5% to 3% of maximal voluntary contraction (Veiersted et al 1990) . It has been proposed that muscles with lower gap frequencies may have fewer rest periods in certain low-threshold motor units, and these muscle fibres may be exposed to overuse, thus contributing to musculoskeletal disorders (Veiersted et al 1990 , Hägg 1991 . Past studies have shown differences in muscle activation during non-computing tasks between symptomatic and non-symptomatic individuals but there is no clear evidence of these differences during computing tasks, except for our earlier reports of differences during typing (Szeto et al 2005a and c) . The present study aimed to compare whether there were differences in muscle activation, in terms of median amplitude and gap frequency, between symptomatic and asymptomatic female office workers when performing typing and mousing tasks. If differences in motor control exist, it suggests that physiotherapists should direct their management towards correcting the motor control mechanisms instead of focusing on pain relief. Therefore, the specific research questions for this study were: Do symptomatic female office workers perform 1.
computing tasks with higher cervical postural muscle loads (in terms of higher amplitudes and less muscular rest) and more discomfort compared with asymptomatic individuals? Are these differences in postural muscle loads 2.
consistent across bilateral (typing) and unilateral (mousing) conditions?
Method Design
The study employed an experimental case-control design. Female office workers were recruited through convenience sampling within the university and nearby offices. They were divided into two groups: a case group and a control group. All participants were tested under three conditions: 1) typing, 2) mousing, and 3) type-and-mouse in a controlled environment. The order was randomised by each participant drawing lots. Each condition lasted 20 min with a 5 min rest in between. Cervical postural muscle load (median amplitude and gap frequency) and discomfort were measured and compared between groups and between conditions.
Participants
To be included, office workers had to be female, aged between 20 and 50 years, performing a minimum of 4 hours of computer work daily, and carrying out mainly textediting tasks. They were excluded if they had past traumatic injuries or surgical interventions in their neck and upper limb regions.
An interview questionnaire modified from the Standardised Nordic Questionnaire (Kuorinka et al 1987) was used to collect information about musculoskeletal symptoms. Those with moderate to severe discomfort (> 4/10) in the neck and upper limb regions for at least 3 of the past 12 months were assigned to the case group. Those with mild discomfort (< 4/10) for less than 3 months and no present complaints were assigned to the control group.
Intervention
There were three conditions: 1) typing, 2) mousing, and 3) type-and-mouse. The typing task involved copying text from a screen-based program that displayed a children's story. The mousing task was a 'Minesweeper' game. For the typeand-mouse task, the participant had to type a word from a list of commonly used words, then use the mouse to copy and paste the word twice. The standardised workstation included a standard computer desk with an adjustable slideout tray for keyboard and a height-adjustable swivel chair with no arm rests. Participants were instructed to adjust the workstation to a position of comfort, with hips, knees, and elbow joints at approximately 90 degrees, and the head-neck region in an erect posture.
Outcome measures
Cervical postural muscle load was measured using EMG of the bilateral cervical erector spinae and upper trapezii since they are the major stabilizing muscles of the cervical spine (Szeto et al 2005a to d) . The skin was carefully prepared by cleaning with water, fine sand paper, and 2% alcohol (and shaved if necessary) and electrode impedance checked (< 2000 ohms). Bipolar silver-silver chloride surface electrodes of 15 mm diameter were placed on each muscle with an inter-electrode distance of 20 mm. The Noraxon Telemyo a system was used to capture EMG signals, with a sampling frequency of 1000 Hz and a bandwidth of 10-500 Hz. The raw EMG signals were converted from analogue to digital (1000 Hz) and subsequently processed with a custom-designed Labview b program with a 20 Hz high-pass filter, 200 Hz low-pass filter and notch filters at 50-60 Hz to reduce noise levels. Signals were demeaned, rectified, amplitude normalised, down-sampled to 10 Hz root mean square values, and expressed as % maximum voluntary contraction. EMG amplitude normalisation was carried out for each muscle using three trials of resisted isometric maximum voluntary contractions (Szeto et al 2005a) since maximum voluntary contractions were not significantly different between trials or groups. During each 20 minute condition, 30-second samples of EMG were captured at 5 minute intervals. For each sample, median amplitude (50 th % amplitude probability distribution function) was computed as % maximum voluntary contraction. Muscular rest was computed as gap frequency (gaps/min). A gap was defined as a period longer than 0.1 s with muscle activity less than 3% maximum voluntary contraction . The scores were averaged across time to produce one representative score.
Discomfort was measured using a numerical rating scale where 0 = no discomfort and 10 = extreme discomfort. During each condition, participants were asked to verbally rate their discomfort in ten upper body regions bilaterally (neck, upper back, shoulders, elbows, wrists/hands, according to Kuorinka et al 1987) at 0, 10, and 20 minutes. The scores were summed across all regions to produce one representative score.
Data analysis
Initial calculation suggested that a sample size of 40 (20 in each group) should be sufficient to reveal differences of about 5% in EMG parameters, with an alpha level of 0.05 and 85% power (PASS 2005) . Mean differences (95% CI) between groups were calculated for median amplitude, gap frequency, and discomfort. Post-hoc independent samples t-tests were performed to compare differences 
Results

Flow of participants through the study
Thirty-nine female office workers were recruited over a oneyear period. All the participants were initially screened for their eligibility through telephone calls. One participant was transferred from the control group to the case group when a history was taken in detail, and one control participant was unable to attend as scheduled. Therefore, the case group consisted of 21 participants and the control group of 18. Baseline characteristics of participants are presented in Table 1 .
Cervical postural muscle loads and discomfort across groups
Group data for amplitude and gap frequency are presented in Table 2 . The case group had significantly higher cervical erector spinae amplitudes than the control group in all three conditions bilaterally (except left side during mousing). The case group demonstrated a trend towards higher upper trapezius amplitudes but this was only significant for the left upper trapezius during mousing. The case group demonstrated a general trend for a lower gap frequency than the control group during the three conditions for both muscle groups, although this was only significant for left cervical erector spinae for typing (mean difference -1.2, 95% CI -2.3 to 0.0) and marginal for mousing (mean difference -6.6, 95% CI -13.6 to 0.5).
Group data for discomfort across time are presented in Table 3 . The case group had significantly more discomfort at all times during the three conditions compared with the control group.
Cervical postural muscle loads across groups (case versus control) and conditions (bilateral versus unilateral)
The case group demonstrated higher amplitudes than the control group during bilateral conditions (typing and typeand-mouse) compared with unilateral conditions (mousing) for cervical erector spinae (p < 0.001) and upper trapezius (p < 0.001).
The case group demonstrated lower gap frequencies than the control group during bilateral conditions (typing and typeand-mouse) compared with unilateral conditions (mousing) for both muscle groups (p = 0.04).
Discussion
Symptomatic female office workers performed computing tasks with some higher cervical postural muscle loads (in terms of higher amplitudes and less muscular rest) compared to asymptomatic individuals and these were likely to be clinically significant. Although the between-group differences were mainly significant for the amplitude for cervical erector spinae, the consistent pattern of increased amplitude and reduced gap frequency across both muscle groups lends support to an overall clinically meaningful finding despite individual statistical non-significance (Hopkins et al 2009) . The lack of statistically significant findings may relate to large variation within groups, a common problem in surface EMG studies (Mathiassen et al 2002) . Post-hoc sample size calculation using gap frequency data for right upper trapezius suggests that over 100 individuals would be needed to find a significant effect size of 0.8 between typing and mousing conditions (PASS 2005) .
Where present, higher amplitude and lower gap frequency in the case group may indicate that their muscles were working harder and with less 'rest'. Sjøgaard et al (2006) were able to detect increased upper trapezius muscle activity in symptomatic females only during a 'stress' test, but not during normal typing, mousing, and type-andmouse tasks. Data presented by Kallenberg et al (2006) suggested dominant upper trapezius activity was greater in symptomatic individuals during mousing but not typing or typing-and-mousing, though no statistical analysis was reported. Our earlier studies showed significantly increased trapezius muscle during typing tasks (Szeto et al 2005a and c) . The current findings thus provide the best available evidence that the cervical muscles of symptomatic computer workers work harder for the same physical task. This may be the mechanism underlying the development of symptoms.
The present study found higher muscle activity in typing compared to mousing, in line with previous reports by Cooper and Straker (1998) and Dennerlein and Johnson (2006) . We examined differences between symptomatic and non-symptomatic individuals for a type-and-mouse condition for the first time. This condition was a combination of bilateral and unilateral hand actions and muscle loads were similar to that of typing. This suggests that when office workers perform combined typing and mousing, their cervical postural muscles may be working at high levels of activation, especially in symptomatic persons. In addition to type of computing task, physiotherapists should also consider factors such as workstation setting, individual postural habits, work duration and demand and mental stress when examining computer users (Gerr et al 2004 , Johnston et al 2008 .
The case group also showed high activity in left (contralateral side) upper trapezius during mousing, suggesting a global motor response to the task. This may reflect a lack of efficient motor control of the head neck region. We have previously found that symptomatic individuals demonstrate higher amplitudes in the 10 th % and 90 th % amplitude probability distribution function indicating greater variation in motor control (Szeto et al 2009) .
As this study was cross-sectional, a causal relation between muscle activity and discomfort cannot be concluded. However increased levels of neck and shoulder muscle activity may result in increased loading of sensitised structures which may be pain provocative. Prospective studies could be carried out to find evidence of cause and effect.
The differences in EMG found in the present study could be secondary to peripheral and/or central pain mechanisms, psychological stress, repetitive activities or a combination of these, and therefore contribute to an increase in tissue load, muscle fatigue, and tissue sensitisation (Visser and van Dieen 2006) . Furthermore, these findings may also be associated with altered motor programming secondary to pain, as seen in patients with acute whiplash injury (Nederhand et al 2003) or chronic neck pain (Falla et al 2004) .
The present findings suggest that symptomatic individuals have a tendency to perform computing tasks with higher muscle activity and less muscular rest in the cervical postural muscles. Although typing and mousing tasks were different (being bilateral and unilateral tasks), the results were mostly consistent across the tasks. The results lend further support to the finding that altered patterns of motor activity, characterised by increased activity of postural muscles, are associated with work-related musculoskeletal symptoms. These findings may have important implications for the assessment and management of these disorders. A focus on training relaxed and efficient motor control strategies during typing and mousing for patients with neck and arm pain may be appropriate in the physiotherapy management of these disorders. n
Footnotes:
a Noraxon USA Inc, USA, b National Instruments, Austin USA.
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